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Abstract 
In recent years, fabricating Si-based micro energy storage system, due to its good 
compatibility during the fabrication process, and the intelligent integration with micro-nano 
devices, has become an important research&development (R&D) direction. Micro-energy 
storage system can be used as independent on-chip power supply for M/NEMS (Micro/Nano 
Electro Mechanical Systems, M/NEMS) or other micro/nano devices, such as smart cards, 
micro sensors&actuators, micro-robotics and so on. This kind of micro energy systems has 
great potential application in biomedical, military, financial, aerospace, environmental 
monitoring, intelligent communications, nanotechnology and many other related fields. 
Among them, three-dimensional (3D) silicon based micro lithium/sodium ion batteries 
(L/SIBs), embracing the high energy/power density, excellent cycle stability, large operating 
condition range, easy miniaturization, etc., are not only the best candidate as the miniaturized, 
integrated and enviromentally-friendly energy devices, also the current hot research topic in 
the field of micro-energy storage systems. However, the 3D silicon-based micro L/SIBs are 
still lack of compatibility with the current semiconductor processing, and their corresponding 
electrochemical performance also needs to be further improved. Therefore, more efforts 
should be made before realizing their commercial production. This thesis will focus on the 
above-mentioned two important issues in the the 3D silicon-based micro L/SIB system: the 
fabrication technology compatibility and improvement of energy storage capability, thus 
corresponding investigations will be performed in details. The main contents are as follows:  
1Fabrication of 3D-Si based nanorod (NR) arrays. Firstly, the monolayer PS 
(Polystyrene, PS) templates were successfully fabricated on the Si-wafer using the simple, 
low cost, environmental-friendly, and self-assembled spin-coating method. Then, 3D Si NR 
electrode arrays were prepared on the Si substrate using the inductively coupled plasma 
(Inductive Coupled Plasma, ICP) dry etching technology. Moreover, a unique 3D bottle-like 
Si NR electrode arrays were obtained by further optimizing the process parameters, thus 
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which lays a foundation for the further improved structural stability of the electrodes. 
However, the electrochemical lithium/sodium storage ability in the only 3D Si NR electrode 
arrays is still not satisfied, which requires an alternative and effective strategy to be proposed 
and proceeded to accomplish a great improvement in the performance of energy storage. 
2Three dimensional  silicon-based composite structure as anode in micro LIBs. Firstly, 
3D Si-SnO2 NR composite electrode arrays were fabricated by RF-magnetron sputtering 
technique which is compatible with the current semiconductor process. The favorable effect 
of the SnO2 shell coated on the 3D Si NR electrode arrays were successfully verified by the 
in-depth investigations on the structures, electrochemical properties and post morphologies of 
the electrodes. Moreover, in order to further increase the whole areal capacity, 3D 
amorphous/poly-crystalline and single-crystal Ge composite electrodes were then fabricated 
by RF magnetron sputtering and ultrahigh-vacuum chemical vapor deposition (UHV-CVD) 
techniques, respectively, which demonstrated further improved Li+ storage ability. 
Furthermore, based on the first principle theoretical calculations, it was found that the Si/Ge 
composite structure presented the higher absorption energy and lower migration barrier 
compared with those in the only Si electrode, which indicated the origins of the improved 
electrochemical properties in the composite electrode. However, 3D Si/Ge NR composite 
electrode arrays presented obvious capacity rising phenomenon and poor cycling 
performance due to the large volume expansion in electrodes. So, the overall stability of the 
3D Si based electrode structures should be further improved.  
       In order to solve the above-mentioned issues and well balance the 3D Si substrate 
electrode’s lithiation ability and the electrochemical cycling stability, TiN/Ti interlayer 
concept was then proposed and the 3D multilayer Si/TiN/Ti/Ge NR composite electrode 
arrays were successfully prepared by consecutive sputtering process. In view of the good 
ionic conductivity and barrier effect of the TiN/Ti interlayer, the TiN/Ti thin film not only can 
act as an effective current collector improving the Si/TiN/Ti/Ge composite electrode 
electronic conductivity, also can effectively suppressed more Li ions continuously inserting 
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into the 3D Si substrate electrodes. As a result, the improved energy storage properties and 
cycling stability in the 3D Si patterned composite electrode was accomplished. 
3Three dimensional silicon-based composite structure as anode in micro SIBs. 3D 
Si/TiN/Ti/Ge NR composite electrode arrays not only has excellent electrochemical lithium 
storage performance, also exhibits excellent cycling stability and rate capability as anode 
material for micro SIBs. Within the composite electrode, the 3D Si NR arrays acted as the 
structural support, while the Ge shell was proved to be only active material for sodium ion 
(Na+) storage, and the TiN/Ti interlayer efficiently played a positive role in electron transport. 
Moreover, by the first principles calculation, the favorable Na+ storage in Ge structure rather 
than in Si was verified to be due to the higher sodium ion adsorption and lower migration 
barrier energies in Ge. 
 In summary, a variety of 3D Si based NR composite electrode arrays were fabricated by 
using semiconductor process compatible technologies. The corresponding 3D Si based 
electrodes exhibit both excellent electrochemical energy storage performance and feasible 
device integration. This work provides important theoretical basis and experimental 
verification for the future 3D silicon-based micro-energy storage system’s development and 
progress. 
  
 
 
 
 
Keywords: Micro Li/Na-ion battery, thin film deposition, PS nanosphere templates, ICP dry 
etching, 3D Si NR arrays, 3D Si based composite NR arrays    
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ǐT(ϑTȂµPã上ǒŧΐɱġϤ不Βï上ǒˤ(ˇ̒ïтˤƼ/̱Ĥ͝ʭo̾
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Ƽ̱Ĥȱ͝ďT上ǒƒ̶ΐě%ͭ
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˩ºçŶˤƼĤ̩̀͝ěžͪµĵ(̻ɒ上ǒã͝͝¿ȟ专LŏěȨȬˤ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ˤљÁˉ℃͝ІşƘYÇ [10]÷ȧá˙<ŒȼϕŅˤ上ǒŝǅ(ͨŅˤȒ˜
ƻˌǅ͝(žiʪƘͲĕĺ(ô̅žiˌĭȼͨŅˤœǅ(ïm˘Ė±˜Θν(
žiȧȣʄ±E；̘Yʵǒ*Řˍ͝ʭƼĤË(上ǒË(͇ͩËˤȺYϮǰěȱ
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őǅ͝˫V΢ĸГ̃ō˜ʍ˜ɑɋȚãµĵžͪǥɄï˪ȁϠʩ´Ў̃ō˜ʍƖ˘
&͕Ўρʭ˫ţГЇŷρʭȶ*'ŠÇƿZĺĺЯe˜ʍˤǒɃē͕Ƽ
ĤЎ̃ō˜ʍ̩̀͝3ũȼϕĺˤƖ˘ʱ¿)  
1.2.2 eDÖ/Õ¡M["5    
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